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SWITCH CIRCUIT 
BACKGROUND OF THE INVENTION 

5 

FIELD OF THE INVENTION 

The present invention relates to a switch circuit. This application claims 
priority under 35 USC §119 (e) (l) of provisional application No. 60/413782 filed 
September 27, 2002. 

10 

DESCRIPTION OF THE RELATED ART 

In an integrated circuit having a plurality of internal circuits connected to 
one input terminal provided with a plurality of functions, a switch circuit has 
been generally provided between one input terminal and a plurality of internal 
15 circuits. The switch circuit is subjected to in on-off control in response to a 
control signal. An input signal supplied to an input terminal is selectively 
transmitted to each internal circuit by the switch circuit. 

However, in the case where a noise such as an overshoot or an undershoot 
is generated in the input signal to be supplied to the input terminal, the 
20 conventional switch circuit has no configuration to prevent the noise from being 
transmitted to each internal circuit, and hence it was necessary to prevent the 
noise from being transmitted to each internal circuit. Particularly, if each 
internal circuit is susceptible to the noise of the signal inputted to the input 
terminal, it was necessary to prevent the noise generated in the input signal to be 
25 supplied to the input terminal from being transmitted to each internal circuit. 

SUMMARY OF THE INVENTION 
1 



According to one aspect of the present invention, there is provided a 
switch circuit that includes an input terminal which receives an input signal and 
an internal circuit which executes a predetermined function. The switch circuit 
also includes a first switch element which is coupled between the input terminal 
5 and the internal circuit and which has a control gate receiving a control signal, a 
first electrode coupled to the input terminal, and a second electrode. The switch 
circuit also includes a second switch element which is coupled between the input 
terminal and the internal circuit and which has a control gate receiving the control 
signal, a first electrode coupled to the second electrode of the first switch element, 
10 and a second electrode coupled to the internal circuit. 

The above novel features of the invention will more fully appear from the 
following detailed description, appended claims and the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a circuit diagram showing a configuration of a switch circuit 

according to a first embodiment of the invention. 

Fig. 2 is a circuit diagram showing a configuration of a parasitic bipolar 
transistor of an NMOS transistor Nil and a parasitic bipolar transistor of a 
PMOS transistor Pll. 

20 Fig. 3 is a circuit diagram showing a configuration of a switch circuit 

according to a second embodiment of the invention. 

Fig. 4 is a circuit diagram showing a configuration of a parasitic bipolar 
transistor of a PMOS transistor Pll and a parasitic bipolar transistor of an NMOS 
transistor Nil. 

25 Fig. 5 is a circuit diagram showing a configuration of a switch circuit 

according to a third embodiment of the invention. 

Fig. 6 is a circuit diagram showing a configuration of operational 



, amplifiers 501 and 502. 

Fig. 7 is a circuit diagram showing a configuration of a switch circuit 
acxx>rding to a fourth embodiment of the invention. 

Fig. 8 is a circuit diagram showing a configuration of a switch circuit 
5 according to a fifth embodiment of the invention. 

Fig. 9 is a circuit diagram showing a configuration of a switch circuit 
according to a sixth embodiment of the invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 A switch circuit according to preferred embodiments of the present 

invention will be explained hereinafter with reference to figures. In order to 
simplify explanation, like elements are given like or corresponding reference 
numerals through this specification and figures. Dual explanations of the same 
elements are avoided. 

15 First preferred embodiment 

A switch circuit of a first embodiment of the invention is described. Fig. 1 
is a circuit diagram showing a configuration of the switch circuit according to the 
first embodiment of the invention. The switch circuit of the first embodiment 
comprises an nxhannel MOS transistor (hereinafter referred to as NMOS 

20 transistor) Nil which operates in response to a test control signal test, an inverter 
circuit INV11 for outputting a signal having a phase opposite to the test control 
signal test (hereinafter referred to as signal /test) in response to the test control 
signal test, a p-channel MOS transistor (hereinafter referred to as PMOS 
transistor) Pll which operates in response to the signal /test, an NMOS transistor 

25 N12 which operates in response to the signal /test, and a PMOS transistor P12 
which operates in response to the test control signal test. The signal and a wiring 
for transmitting the signal is depicted by the same reference numeral. 
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A control electrode (gate) of the NMOS transistor Nil is connected to a 
test terminal 101 via a signal line test, and a first electrode thereof is connected to 
an input terminal 102 via an input signal line in and a second electrode is 
connected to the PMOS transistor Pll. The test control signal test is supplied 
5 from an external device to the test terminal 101. The input signal in is supplied 
from the external device to the input terminal 102. The input signal in is the 
signal having an amplitude ranging from a ground voltage GND to a power supply 
voltage VDD. The input terminal 102 is used as a signal input terminal when 
testing the switch circuit as well as a normal terminal. According to an 

10 integrated circuit (e.g., a microcontroller of an IC card, and so forth) which is 
limited in the number of terminal, it is necessary that one input terminal may 
have a plurality of functions. An input terminal of the inverter circuit INVll is 
connected to the test terminal 101 via a test signal line test while an output 
terminal thereof is connected to the PMOS transistor Pll and the NMOS 

15 transistor N12 via a signal line /test. A gate of the PMOS transistor Pll is 
connected to the inverter circuit INVll via the signal line /test, a first electrode 
thereof is connected to the second electrode of the NMOS transistor Nil, and a 
second electrode thereof is connected to an internal circuit 112. A substrate of the 
PMOS transistor Pll is connected to the second electrode thereof The internal 

20 circuit 112 is a circuit which is susceptible to a noise generated in a signal to be 
inputted thereto, e.g., an analog circuit. The internal circuit 112 is a circuit to be 
connected to the input terminal 102 only when testing the switch circuit. 

A gate of the NMOS transistor N12 is connected to an output terminal of 
the inverter circuit INVll, and a first electrode thereof is connected to the input 

25 terminal 102 via the input signal line in, and a second electrode thereof is 
connected to an internal circuit 111. A gate of the PMOS transistor P12 is 
connected to the test terminal 101 via the test signal line test, a first electrode 



, thereof is connected to the input terminal 102 via the input signal line in and a 
second electrode thereof is connected to the internal circuit 111. The first 
electrode of the NMOS transistor N12 and the first electrode of the PMOS 
transistor P12 are connected in common to each other. The second electrode of 
5 the NMOS transistor N12 and the second electrode of the PMOS transistor P12 
are connected in common to each other. The internal circuit 111 is a circuit which 
is hardly susceptible to the noise generated in the signal to be inputted thereto, e.g., 
a digital circuit. 

Described next with reference to Fig. 2 is a parasitic bipolar transistor of 

10 the NMOS transistor Nil and a parasitic bipolar transistor of the PMOS 
transistor Pll. Fig. 2 is a circuit diagram showing a configuration of the parasitic 
bipolar transistor of the NMOS transistor Nil and the parasitic bipolar transistor 
of the PMOS transistor Pll. An npn-type parasitic bipolar transistor 201 is 
formed in the NMOS transistor Nil. A base (depicted by B in Fig. 2) of the 

15 parasitic bipolar transistor 201 is connected to a ground node. A ground voltage 
GND is supplied to the ground node. An emitter (depicted by E in Fig. 2) of the 
parasitic bipolar transistor 201 is connected to the first electrode of the NMOS 
transistor Nil, and a collector (depicted by C in Fig. 2) thereof is connected to the 
second electrode of the NMOS transistor Nil. A pnp-type parasitic bipolar 

20 transistor 202 is formed in the PMOS transistor Pll. A base (depicted by B in 
Fig. 2) of the parasitic bipolar transistor 202 is connected to the second electrode of 
the PMOS transistor Pll, an emitter (depicted by E in Fig. 2) thereof is connected 
to the first electrode of the PMOS transistor Pll, and a collector (depicted by C in 
Fig. 2) thereof is connected to the second electrode of the PMOS transistor Pll. 

25 An operation of the switch circuit of the first embodiment is described 

next. There are a normal mode operation and a test mode operation in the 
operation of the switch circuit. The test control signal test goes low level 



( (hereinafter referred to "L") during the normal mode operation and high level 
(hereinafter referred to "H") during the test mode operation. The "L" is a level of 
ground voltage GND and the "H" is a level of the power supply voltage VDD. 

The normal mode operation is first described. The PMOS transistor 
5 P12 turns ON in response to the test control signal test of "L". The NMOS 
transistor N12 turns ON in response to the signal /test of "H". In such a manner, 
the input terminal 102 and the internal circuit 111 are forced into conduction. 
The NMOS transistor Nil turns OFF in response to the test control signal test of 
"L". The PMOS transistor Pll turns OFF in response to the signal line /test of 

10 tr H". In such a manner, the connection between the input terminal 102 and the 
internal circuit 112 is interrupted. 

Described next is an operation in the case where there occurs an 
overshoot in the input signal in during the normal mode operation, thereby 
rendering the input signal higher than the power supply voltage VDD. The 

15 NMOS transistor N12 and the PMOS transistor P12 turn ON respectively, so that 
the input terminal in of the internal circuit 111 are forced into conduction. Since 
the internal circuit 111 is a circuit which is hardly susceptible to a noise, even if a 
signal in which there occurred the overshoot is inputted thereto, the internal 
circuit 111 operates normally. The ground voltage GND is supplied to the gate of 

20 the NMOS transistor Nil, and a voltage which is higher than the power supply 
voltage VDD is supplied to the first electrode of the NMOS transistor Nil, and 
hence the NMOS transistor Nil turns OFF. The ground voltage GND is 
supplied to the base of the parasitic bipolar transistor 201, and a voltage higher 
than the power supply voltage VDD is supplied to the emitter thereof. Since the 

25 voltage to be supplied to the base of the parasitic bipolar transistor 201 is lower 
than the voltage supplied to the emitter thereof the parasitic bipolar transistor 
201 turns OFF. Since the NMOS transistor Nil and the parasitic bipolar 



, transistor 201 turn OFF, the connection between the input terminal 102 and the 
internal circuit 112 is interrupted 

Described next is an operation in the case where there occurs an 
undershoot in the input signal in during the normal mode operation, thereby 
5 rendering the input signal in lower than the ground voltage GND. The NMOS 
transistor N12 and the PMOS transistor P12 turn ON respectively, so that the 
input terminal in and the internal circuit 111 are forced into conduction. Since 
the internal circuit 111 is a circuit which is hardly susceptible to a noise, even if a 
signal in which there occurred the undershoot is inputted thereto, the internal 

10 circuit 111 operates normally. Since the power supply voltage VDD is supplied to 
the gate of the PMOS transistor Pll, the PMOS transistor Pll turns OFF. The 
voltage is supplied to the emitter of the parasitic bipolar transistor 202 is lower 
than that supplied to the base, the parasitic bipolar transistor 202 turns OFF. 
Since the PMOS transistor Pll and the parasitic bipolar transistor 202 turn OFF, 

15 the connection between the input terminal 102 and the internal circuit 112 is 
interrupted. 

The test mode operation is described next. The PMOS transistor P12 
turns OFF in response to the test control signal test of "ET \ The NMOS transistor 
N12 turns OFF in response to the signal /test of "L". In such a manner, the 

20 connection between the input terminal 102 and the internal circuit 111 are 
interrupted. The NMOS transistor Nil turns ON in response to the test control 
signal test of "H". The PMOS transistor Pll turns ON in response to the signal 
/test of "L". In such a manner, the input terminal 102 and the internal circuit 112 
are forced into conduction. The connection between the input terminal 102 and 

25 the internal circuit 111 is interrupted while the input terminal 102 and the 
internal circuit 112 are forced into conduction, so that the input signal in is 
transmitted to the internal circuit 112. 



7 



Described next is an operation in the case where there occurs an 
overshoot in the input signal in during the test mode operation. Since the power 
supply voltage VDD is supplied to the gate of the NMOS transistor Nil, and a 
voltage which is higher than the power supply voltage VDD is supplied to the first 
5 electrode thereof the voltage of the second electrode of the NMOS transistor Nil 
becomes "the power supply voltage VDD - Vtn", where Vtn is a threshold voltage 
of the NMOS transistor Nil. A signal of "the power supply voltage VDD - Vtn" is 
transmitted to the internal circuit 112, and a signal having a voltage which is 
higher than the power supply voltage VDD is not transmitted to the internal 
10 circuit 112. 

Described next is an operation in the case where there occurs an 
undershoot in the input signal in during the test mode operation. Since the 
ground voltage GND is supplied to the gate of the PMOS transistor Pll and a 
voltage which is lower than the ground voltage GND is supplied to the first 
15 electrode thereof the voltage of the second electrode of the PMOS transistor Pll 
becomes "Vtp" where Vtp is a threshold voltage of the PMOS transistor Pll. 
The signal of Vtp is transmitted to the internal circuit 112 and a signal having a 
voltage which is lower than the ground voltage GND is not supplied to the internal 
circuit 112. 

20 As mentioned above, since the switch circuit of the first embodiment comprises the 
NMOS transistor Nil (first switch element) and the PMOS transistor Pll (second 
switch element), which are serially connected between the input terminal 102 and 
the internal circuit 112, and operate in response to the test control signal test 
respectively, so that even if there occurred the overshoot or the undershoot in the 

25 input signal in to be supplied to the input terminal 102, it is possible to prevent a 
signal having a voltage which is higher than the power supply voltage VDD or a 
signal having a voltage which is lower than the ground voltage GND from being 



transmitted to the internal circuit 112. The switch circuit of the first embodiment 
can prevent the internal circuit 112 from being susceptible to a noise generated in 
the input signal in. 

Second preferred embodiment 
A switch circuit of a second embodiment of the invention is described. 
Fig. 3 is a circuit diagram showing a configuration of the switch circuit according 
to the second embodiment of the invention. The switch circuit of the second 
embodiment is different from that of the first embodiment shown in Fig. 1 in 
respect of a positional relationship between a PMOS transistor Pll and an NMOS 
transistor Nil, and the other components of the second embodiment are the same 
as those of the first embodiment. A control electrode (gate) of the PMOS 
transistor Pll is connected to an output terminal of an inverter circuit INV11 via a 
signal line /test, a first electrode thereof is connected to an input terminal 102 via 
an input signal line in, and a second electrode thereof is connected to the NMOS 
transistor Nil. A substrate of the PMOS transistor Pll is connected to the 
second electrode thereof A control electrode (gate) of the NMOS transistor Nil is 
connected to a test terminal 101 via a test signal line test, a first electrode thereof 
is connected to the second electrode of the PMOS transistor Pll, and the second 
electrode thereof is connected to an internal circuit 112. 

Described next with reference to Fig. 4 is a parasitic transistor of the 
PMOS transistor Pll and a parasitic transistor of the NMOS transistor Nil. Fig. 
4 is a circuit diagram showing configurations of a parasitic bipolar transistor of the 
PMOS transistor Pll and the parasitic bipolar transistor of the NMOS transistor 
Nil. A pnp-type parasitic bipolar transistor 202 is formed in the PMOS 
transistor Pll. A base (depicted by B in Fig. 4) of the parasitic bipolar transistor 
202 is connected to the second electrode of the PMOS transistor Pll, an emitter 



( (depicted by E in Fig. 4) thereof is connected to the first electrode of the PMOS 
transistor Pll and a collector (depicted by C in Fig. 4) thereof is connected to the 
second electrode of the PMOS transistor Pll. An npn-type parasitic bipolar 
transistor 201 is formed in the NMOS transistor Nil. A base (depicted by B in 
5 Fig. 4) of the parasitic bipolar transistor 201 is connected to a ground node to 
which a ground voltage GND is supplied, an emitter (depicted by E in Fig. 4) 
thereof is connected to the first electrode of the NMOS transistor Nil and a 
collector (depicted by C in Fig. 4) thereof is connected to the second electrode of the 
NMOS transistor Nil. 
10 An operation of the switch circuit of the second embodiment is described 

next. Described next is an operation in the case where there occurs an overshoot 
in the input signal in during a normal mode operation, and an operation in the 
case where there occurs an undershoot in the input signal in during the normal 
mode operation. 

15 Described first is the operation in the case where there occurs the 

overshoot in the input signal in during the normal mode operation, thereby 
rendering the input signal in higher than the power supply voltage VDD. The 
NMOS transistor N12 and the PMOS transistor P12 turn ON respectively, so that 
the input terminal in and an internal circuit 111 are forced into conduction. Since 

20 the internal circuit 111 is a circuit which is hardly susceptible to a noise, even if a 
signal in which there occurred the overshoot is inputted thereto, the internal 
circuit 111 operates normally. Since the ground voltage GND is supplied to the 
gate of the NMOS transistor Nil, and the voltage higher than the power supply 
voltage VDD is supplied to the first electrode thereof the NMOS transistor Nil 

25 turns OFF. The ground voltage GND is supplied to the base of the parasitic 
bipolar transistor 201, and a voltage which is higher than the power supply 
voltage VDD is supplied to the emitter thereof. Since the voltage supplied to the 

10 



. base of the parasitic bipolar transistor 201 is lower than the voltage supplied to the 
emitter thereof the parasitic bipolar transistor 201 turns OFF. Since the 
NMOS transistor Nil and the parasitic bipolar transistor 201 turn OFF, the 
connection between the input terminal 102 and the internal circuit 112 is 
5 interrupted. 

Described next is the operation in the case where there occurs the 
undershoot in the input signal in during the normal mode operation and the input 
signal in becomes lower than the ground voltage GND. The NMOS transistor 
N12 and the PMOS transistor P12 turn ON, and the input signal in and the 

10 internal circuit 111 are forced into conduction. Since the internal circuit 111 is a 
circuit which is hardly susceptible to the noise, even if a signal in which there 
occurred the undershoot is inputted thereto, the internal circuit 111 operates 
normally. Since the power supply voltage VDD is supplied to the gate of the 
PMOS transistor Pll, the PMOS transistor Pll turns OFF. Since the voltage 

15 supplied to the emitter of the parasitic bipolar transistor 202 is lower than the 
voltage supplied to the base thereof the parasitic bipolar transistor 202 turns OFF. 
Since the PMOS transistor Pll and the parasitic bipolar transistor 202 turn OFF, 
the connection between the input terminal 102 and the internal circuit 112 is 
interrupted. 

20 Described next is the operation in the case where there occurs the 

overshoot in the input signal in during the test mode operation. Since the power 
supply voltage VDD is supplied to the gate of the NMOS transistor Nil, and a 
voltage higher than the power supply voltage VDD is supplied to the first electrode, 
the voltage of the second electrode of the NMOS transistor Nil becomes "the 

25 power supply voltage VDD - Vtn" , where Vtn is a threshold voltage of the NMOS 
transistor Nil. A signal of "the power supply voltage VDD - Vtn" is transmitted 
to the internal circuit 112, and a signal having a voltage which is higher than the 

11 



power supply voltage VDD is not transmitted to the internal circuit 112. 

Described next is the operation in the case where there occurs the 
undershoot in the input signal in during the test mode operation. Since the 
ground voltage GND is supplied to the gate of the PMOS transistor Pll and a 
5 voltage which is lower than the ground voltage GND is supplied to the first 
electrode thereof the voltage of the second electrode of the PMOS transistor Pll 
becomes <f Vtp", where Vtp is a threshold voltage of the PMOS transistor Pll. 
The signal of "Vtp" is transmitted to the internal circuit 112 and a signal having a 
voltage which is lower than the ground voltage GND is not supplied to the internal 
10 circuit 112. 

As mentioned above, since the switch circuit of the second embodiment comprises 
the PMOS transistor Pll (second switch element) and the NMOS transistor Nil 
(first switch element), which are serially connected between the input terminal 
102 and the internal circuit 112, and operate in response to the test control signal 

15 test respectively, so that even if there occurred the overshoot or the undershoot in 
the input signal in to be supplied to the input terminal 102, it is possible to prevent 
a signal which is higher than the power supply voltage VDD or a signal which is 
lower than the ground voltage GND from being transmitted to the internal circuit 
112. The switch circuit of the second embodiment can prevent the internal circuit 

20 112 from being susceptible to a noise generated in the input signal in. 

Third preferred embodiment 

A switch circuit of a third embodiment of the invention is described. Fig. 
5 is a circuit diagram showing a configuration of the switch circuit according to the 
25 third embodiment of the invention. The switch circuit of the third embodiment 
comprises an inverter circuit INV51 for outputting a signal /test having a phase 
opposite to that of a test control signal test in response to the test control signal 

12 



, test, an operational amplifier 501 which is controlled in an operative condition in 

response to the signal /test and outputs a signal out 501 in response to an input 

signal in, an operational amplifier 502 which is controlled in an operative condition 

in response to the signal /test and outputs an output signal out 502 in response to 

5 the output signal out 501, a PMOS transistor P12 which operates in response to 

the test control signal test, and an NMOS transistor N12 which operates in 
response to the signal /test. The signal and a wiring for transmitting the signal 
are depicted by the same reference numeral. 

An input terminal of the inverter circuit INV51 is connected to a test 

10 terminal 101 via test control signal line test, and an output terminal thereof is 
connected to the operational amplifiers 501 and 502, and the NMOS transistor 
N12. A noninverting input terminal (+terminal) of the operational amplifier 501 
is connected to an input terminal 102 via the input signal in, and an inverting 
input terminal (-terminal) and an output terminal thereof are connected in 

15 common to each other, and a common connection node thereof is connected to an 
internal circuit 112, and a control terminal DIS thereof is connected to an output 
terminal of the inverter circuit INV51 via the signal line /test. The internal 
circuit 112 is a circuit which is susceptible to a noise generated in a signal to be 
inputted thereto, e.g., an analog circuit. The noninverting input terminal 

20 (+terminal) of the operational amplifier 502 is connected to the output terminal of 
the operational amplifier 501, and an inverting input terminal (-terminal) and an 
output terminal thereof are connected in common to each other, and a control 
terminal DIS thereof is connected to the output terminal of the inverter circuit 
INV51. 

25 A gate of the NMOS transistor N12 is connected to the output terminal 

of the inverter circuit INV51 via the signal line /test, and a first electrode thereof is 
connected to the input terminal 102 via the input signal line in and a second 
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electrode thereof is connected to an internal circuit 111. A gate of the PMOS 
transistor P12 is connected to the test terminal 101 via the test signal line test, a 
first electrode thereof is connected to the input terminal 102 via the input signal 
line in and a second electrode thereof is connected to the internal circuit 111. The 
5 first electrode of the NMOS transistor N12 and the first electrode of the PMOS 
transistor P12 are connected in common to each other. The second electrode of 
the NMOS transistor N12 and the second electrode of the PMOS transistor P12 
are connected in common to each other. The internal circuit 111 is a circuit which 
is hardly susceptible to the noise generated in the signal to be inputted, e.g., a 

10 digital circuit. 

Described next with reference to Fig. 6 is detailed configurations of the 
operational amplifiers 501 and 502. Fig. 6 is a circuit diagram showing each 
configuration of the operational amplifiers 501 and 502. Meanwhile, the 
operational amplifiers 501 and 502 have the same configuration. The operational 

15 amplifiers 501 and 502 each comprises a PMOS transistor P61 which operates in 
response to the signal /test, a PMOS transistor P62 which operates in response to 
a signal inputted to the noninverting input terminal (+terminal), a PMOS 
transistor P63 which operates in response to a signal inputted to the inverting 
input terminal (-terminal), an NMOS transistor N61 which operates in response 

20 to the signal /test, and NMOS transistors N62 and N63 constituting a current 
mirror circuit. A gate (control electrode) of the PMOS transistor P61 is connected 
to the control terminal DIS, a source (first electrode) thereof is connected to a 
power supply node to which the power supply voltage VDD is supplied, a drain 
(second electrode) thereof is connected to the PMOS transistors P62 and P63. A 

25 gate (control electrode) of the PMOS transistor P62 is connected to the 
noninverting input terminal (+temiinal), a source (first electrode) thereof is 
connected to the drain of the PMOS transistor P61, a drain (second electrode) 

14 



thereof is connected to the NMOS transistors N61, N62 and N63. A gate (control 
electrode) of the PMOS transistor P63 is connected to the inverting input terminal 
(-terminal), a source (first electrode) thereof is connected to the drain of the PMOS 
transistor P61, a drain (second electrode) thereof is connected to an output 
5 terminal OUT. A gate (control electrode) of the NMOS transistor N61 is 
connected to the control terminal DIS, a source (first electrode) thereof is 
connected to the ground voltage node to which the ground voltage GND is 
supplied, and a drain (second electrode) thereof is connected to the drain of the 
PMOS transistor P62. A gate (control electrode) and a drain (second electrode) of 

10 the NMOS transistor N62 are connected in common to each other, and a source 
(first electrode) thereof is connected to the ground voltage node. A gate (control 
electrode) of the NMOS transistor N63 is connected to the gate of the NMOS 
transistor N62, a source (first electrode) thereof is connected to the ground voltage 
node, and a drain (second electrode) thereof is connected to the output terminal 

15 OUT. The NMOS transistors N62 and N63 constitute a current mirror circuit 
wherein the NMOS transistor N62 is positioned at an input side of the current 
mirror circuit and the NMOS transistor N63 is positioned at an output side 
thereof. A common connection node between the drain of the PMOS transistor 
P61, the drain of the NMOS transistors N61 and the drain of the NMOS 

20 transistor N62 is defined as nl. 

An operation of the switch circuit of the third embodiment is described 
next. There are a normal mode operation and a test mode operation in the 
operation of the switch circuit. The test control signal test goes "L" during the 
normal mode operation and "H" during the test mode operation. The "L" is a 

25 level of ground voltage GND and the <r H" is a level of the power supply voltage 
VDD. 

The normal mode operation is first described. The PMOS transistor P12 

15 



, turns ON in response to the test control signal test of "L". The NMOS transistor 
N12 turns ON in response to the signal /test of "H". In such a manner, the input 
terminal 102 and the internal circuit 111 are forced into conduction. 

The operational amplifier 501 outputs the signal out 501 having a high 
5 impedance (Hi-Z) in response to the signal /test of "H". The operational amplifier 

502 outputs the output signal out .502 of "Hi-Z" in response to the signal /test of 

"H\ Operations of the operational amplifiers 501 and 502 are described with 
reference to Fig. 6. The signal /test of "H" is inputted to the control terminal DIS. 
Since the signal of "H" is supplied to the gate of the PMOS transistor P61, the 

10 PMOS transistor P61 turns OFF. Since the signal of "H" is supplied to the gate of 
the NMOS transistor N61, the NMOS transistor N61 turns ON. A voltage of the 
node nl becomes the ground voltage GND. Since the ground voltage GND is 
supplied to the gate of the NMOS transistor N63, the NMOS transistor N63 turns 
OFF. The output terminal OUT is interrupted from the power supply node and 

15 the ground voltage node, and it becomes "Hi-Z". A voltage of the output terminal 
OUT is not susceptible to voltages to the noninverting input terminal 
(+terminal) and the inverting input terminal (-terminal). 

Since the input terminal 102 and the internal circuit 111 are forced into 
conduction and the output signal out 501 of the operational amplifier 501 

20 becomes 'Hi-Z", the input signal in to be supplied to the input terminal 102 is 
transmitted to the internal circuit 111. Even if there occurs an overshoot in the 
input signal in during the normal mode operation, and the input signal in is 
higher than the power supply voltage VDD, a signal having a voltage which is 
higher than the power supply voltage VDD is not transmitted to the internal 

25 circuit 112. Even if there occurs an undershoot in the input signal in during the 
normal mode operation, and the normal input signal in is lower than the ground 
voltage GND, a signal having a voltage which is lower than the ground voltage 

16 



GND is not transmitted to the internal circuit 112. Since the output signal out 

502 of the operational amplifier 502 goes 'HrZ", the input signal in to be supplied 
to the input terminal 102 is not susceptible to the internal circuit 112 during the 
normal mode operation. 
5 The test mode operation is described next. The PMOS transistor P12 

turns OFF in response to the test control signal test of "H". The NMOS 
transistor N12 turns OFF in response to the signal /test of "L". In such a manner, 
the connection between the input terminal 102 and the internal circuit 111 is 
interrupted. The input signal in is transmitted to the internal circuit 112. 

10 Operations of the operational amplifiers 501 and 502 are now described with 
reference to Fig. 6. The PMOS transistor P61 turns ON in response to the signal 
/test of "L". The NMOS transistor N61 turns OFF in response to the signal /test 
of "L". A current flows from the power supply node to the ground voltage node via 
the PMOS transistor P61 and P62 and the NMOS transistor N62. Since the 

15 NMOS transistors N62 and N63 constitute the current mirror circuit, a current 
having the same amount of the current flowing to the NMOS transistor N62 flows 
from the power supply node to the ground voltage node via the PMOS transistor 
P63 and the NMOS transistor N63. In such a manner, a voltage of the gate of the 
PMOS transistor, i.e. a voltage of the inverting input terminal (-terminal) is equal 

20 to the voltage of the noninverting terminal (+terminal). With the operations set 
forth above, the input signal in supplied to the input terminal 102 is transmitted 
to the internal circuit 112. 

As mentioned above, the switch circuit of the third embodiment includes the 
operational amplifier 501 which is connected between the input terminal 102 and 
25 the internal circuit 112 and operates in response to the test control signal test, so 
that even if there occurred the overshoot or the undershoot in the input signal in to 
be supplied to the input terminal 102 during the normal mode operation, it is 
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possible to prevent a signal having the voltage which is higher than the power 
supply voltage VDD or a signal having the voltage which is lower than the ground 
voltage GND from being transmitted to the internal circuit 112. The switch 
circuit of the third embodiment can prevent the internal circuit 112 from being 
5 susceptible to a noise generated in the input signal in. 

Fourth preferred embodiment 

A switch circuit of a fourth embodiment of the invention is described. 
Fig. 7 is a circuit diagram showing a configuration of a switch circuit according to 

10 the fourth embodiment of the invention. The switch circuit of the fourth 
embodiment comprises an inverter circuit INV71 for outputting a signal /test 
having a phase opposite to that of a test control signal test in response to the test 
control signal test, an NMOS transistor N71 which operates in response to the test 
control signal test, an operational amplifier 701 which is controlled in an operative 

15 condition in response to the signal /test and outputs an output signal out 701 in 

response to an input signal in, a PMOS transistor P12 which operates in response 
to the test control signal test, and an NMOS transistor N12 which operates in 
response to the signal /test. The signal and a wiring for transmitting the signal 
are depicted by the same reference numeral. 

20 An input terminal of the inverter circuit INV71 is connected to a test 

terminal 101 via a test control signal line test, and an output terminal thereof is 
connected to the operational amplifier 701 and the NMOS transistor N12. A gate 
(control electrode) of the NMOS transistor N71 is connected to the test terminal 
101 via the test control signal line test, a first electrode thereof is connected to an 

25 input terminal 102 via an input signal line in, and a second electrode thereof is 
connected to an internal circuit 112. The internal circuit 112 is a circuit which is 
susceptible to a noise generated in a signal to be inputted thereto, e.g., an analog 
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circuit. A noninverting input terminal (+teirninal) of the operational amplifier 
701 is connected to the input terminal 102 via the input signal line in, and an 
inverting input terminal (-terminal) and an output terminal thereof are connected 
in common to each other, and a common connection node thereof is connected to 
5 the internal circuit 112, and a control terminal DIS thereof is connected to the 
output terminal of the inverter circuit INV71 via the signal line /test The 
configuration of the operational amplifier 701 is the same as that of the circuit of 
the operational amplifier shown in Fig. 6. A gate of the PMOS transistor P12 is 
connected to the test terminal 101 via the test signal line test, a first electrode 

10 thereof is connected to the input terminal 102 via the input signal line in, and a 
second electrode thereof is connected to the internal circuit 111. A gate of the 
NMOS transistor N12 is connected to an output terminal of the inverter circuit 
INV51 via the signal line /test, a first electrode thereof is connected to the input 
terminal 102 via the input signal line in, and a second electrode thereof is 

15 connected to the internal circuit 111. The first electrode of the NMOS transistor 
N12 and the first electrode of the PMOS transistor P12 are connected in common 
to each other. The second electrode of the NMOS transistor N12 and the second 
electrode of the PMOS transistor P12 are connected in common to each other. 
The internal circuit 111 is a circuit which is hardly susceptible to the noise 

20 generated in a signal to be inputted thereto, e.g., a digital circuit. 

An operation of the switch circuit of the fourth embodiment is described 
next. There are a normal mode operation and a test mode operation in the 
operation of the switch circuit. The test control signal test goes "L" during the 
normal mode operation and "H" during the test mode operation. The "L" is a 

25 level of ground voltage GND and the "H" is a level of the power supply voltage 
VDD. 

The normal mode operation is first described. The PMOS transistor P12 
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turns ON in response to the test control signal test of "L". The NMOS transistor 
N12 turns ON in response to the signal /test of "H". In such a manner, the input 
terminal 102 and the internal circuit 111 are forced into conduction. The NMOS 
transistor N71 turns OFF in response to the test control signal test of "L". The 

operational amplifier 701 outputs an output signal out 701 of "Hi-Z" in 

response to the signal /test of "H". The voltage of the output signal out 701 is 

not susceptible to the voltage of the input signal in. Even if there occurred the 
overshoot in the input signal in during the normal mode operation so that the 
voltage of the input signal in was higher than the power supply voltage VDD, an 
npn-type parasitic bipolar transistor formed in the NMOS transistor N71 turns 
OFF. Accordingly, even if there occurred the overshoot in the input signal in 
during the normal mode operation, so that the voltage of the input signal in was 
higher than the power supply voltage VDD, a signal having a voltage which is 
higher than the power supply voltage VDD is not transmitted to the internal 
circuit 112. 

The test mode operation is described next. The PMOS transistor P12 
turns OFF in response to the test control signal test of "H". The NMOS 
transistor N12 turns OFF in response to the signal /test of "L". In such a 
manner, the connection between the input terminal 102 and the internal 
circuit 111 is interrupted. The NMOS transistor N71 turns ON in 
response to test control signal test of "H" to transmit the input signal in to 
the internal circuit 112. The operational amplifier 701 is active in 

response to the signal /test of "L" to output the output signal out 701 

having the same level of the input signal in. 

Described next is an operation in the case where there occurs an 
undershoot in the input signal in during the test mode operation. Since the 
power supply voltage VDD is supplied to the gate of the NMOS transistor N71 
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. and a voltage which is higher than the power supply voltage VDD is supplied to 
the first electrode thereof the voltage of the second electrode of the NMOS 
transistor N71 becomes "power supply voltage VDDVtn", where Vtn is a 
threshold voltage of the NMOS transistor N71. 
5 As mentioned above, the switch circuit of the fourth embodiment includes the 
operational amplifier 701 which is connected between the input terminal 102 and 
the internal circuit 112 and operates in response to the test control signal test and 
the NMOS transistor N71 which is connected between the input terminal 102 and 
the internal circuit 112 and operates in response to the test control signal test, so 

10 that even if there occurred the overshoot or the undershoot in the input signal in 
during the normal node operation, it is possible to prevent the signal from being 
transmitted to the internal circuit 112. Further, the switch circuit of the fourth 
embodiment comprises the operational amplifier 701 which is connected between 
the input terminal 102 and the internal circuit 112 and operates in response to the 

15 test control signal test, and the NMOS transistor N71 which is connected between 
the input terminal 102 and the internal circuit 112 and operates in response to the 
test control signal test so that even if there occurred the overshoot in the input 
signal in during the test mode operation, the input signal in can be prevented from 
being transmitted to the internal circuit 112. The switch circuit of the fourth 

20 embodiment can prevent the internal circuit 112 from being susceptible to the 
noise generated in the input signal in. 

Fifth preferred embodiment 

25 A switch circuit of a fifth embodiment of the invention is described. Fig. 

8 is a circuit diagram showing a configuration of a switch circuit according to the 
fifth embodiment of the invention. The switch circuit of the fifth embodiment 
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, comprises an inverter circuit INV81 for outputting a signal /test having a phase 
opposite to that of a test control signal test in response to the test control signal 
test, a PMOS transistor P81 which operates in response to the test control signal 

test, an operational amplifier 801 which outputs an output signal out 801 in 

5 response to an input signal in, a PMOS transistor P12 which operates in response 
to the test control signal test, and an NMOS transistor N12 which operates in 
response to the signal /test. The signal and a wiring for transmitting the signal 
are depicted by the same reference numeral. 

An input terminal of the inverter circuit INV81 is connected to a test 

10 terminal 101 via a test control signal line test, and an output terminal thereof is 
connected to the operational amplifier 801 and the NMOS transistor N12. A gate 
(control electrode) of the PMOS transistor P81 is connected to a test terminal 101 
via the test control signal line test, a first electrode thereof is connected to an input 
terminal 102 via the input signal line in, and a second electrode thereof is 

15 connected to an internal circuit 112. The internal circuit 112 is a circuit which is 
susceptible to a noise generated in a signal to be inputted thereto, e.g., an analog 
circuit. A noninvertirig input terminal (^terminal) of the operational amplifier 
801 is connected to the input terminal 102 via the input signal line in, and an 
inverting input terminal (-terminal) thereof and an output terminal thereof are 

20 connected in common to each other, and a common connection node thereof is 
connected to the internal circuit 112, and a control terminal DIS thereof is 
connected to the output terminal of the inverter circuit INV81 via the signal line 
/test. The configuration of the operational amplifier 801 is the same as that of the 
circuit of the operational amplifier shown in Fig. 6. A gate of the PMOS 

25 transistor P12 is connected to the test terminal 101 via the test signal line test, the 
first electrode thereof is connected to the input terminal 102 via the input signal 
line in, and a second electrode thereof is connected to the internal circuit 111. A 
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. gate of the NMOS transistor N12 is connected to an output terminal of the 
inverter circuit INV51 via the signal line /test, a first electrode thereof is connected 
to the input terminal 102 via input signal line in, and a second electrode thereof is 
connected to the internal circuit 111. The first electrode of the NMOS transistor 
5 N12 and the first electrode of the PMOS transistor P12 are connected in common 
to each other. The second electrode of the NMOS transistor N12 and the second 
electrode of the PMOS transistor P12 are connected in common to each other. 
The internal circuit 111 is a circuit which is hardly susceptible to the noise 
generated in a signal to be inputted thereto, e.g., a digital circuit. 

10 An operation of the switch circuit of the fifth embodiment is described 

next. There are a normal mode operation and a test mode operation in the 
operation of the switch circuit. The test control signal test goes "L" during the 
normal mode operation and "H" during the test mode operation. The "L" is a 
level of ground voltage GND and the "H" is a level of the power supply voltage 

15 VDD. 

The normal mode operation is first described. The PMOS transistor P12 
turns ON in response to the test control signal test of "L". The NMOS transistor 
N12 turns ON in response to the signal /test of "H". In such a manner, the input 
terminal 102 and the internal circuit 111 are forced into conduction. The PMOS 

20 transistor P81 turns OFF in response to the signal /test of "H". The operational 

amplifier 801 outputs an output signal out 801 of "HiZ" in response to the signal 

/test of "FT. The voltage of the output signal out 801 is not susceptible to the 

voltage of the input signal in. Even if there occurred the undershoot in the input 
signal in during the normal mode operation so that the voltage of the input signal 

25 in was lower than the ground voltage GND, a pnp-type bipolar transistor formed 
in the PMOS transistor P71 turns OFF. Accordingly, even if there occurred the 
undershoot in the input signal in during the normal mode operation so that the 
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■ voltage of the input signal in was lower than the ground voltage GND, a signal 
having a voltage which is lower than the ground voltage GND is not transmitted 
to the internal circuit 112. 

The test mode operation is described next. The PMOS transistor P12 
5 turns OFF in response to the test control signal test of "BT. The NMOS 
transistor N12 turns OFF in response to the signal /test of << L". In such a manner, 
the connection between the input terminal 102 and the internal circuit 111 is 
interrupted. The PMOS transistor P71 turns ON in response to the signal /test of 
L" to transmit the input signal in to the internal circuit 112. The operational 

10 amplifier 801 is active in response to the signal /test of "L" to output the output 

signal out 801 having the same level of the input signal in. 

Described next is an operation in the case where there occurs the 
undershoot in the input signal in during the test mode operation. Since the 
ground voltage GND is supplied to the gate of the PMOS transistor P81 and a 

15 voltage which is lower than the ground voltage GND is supplied to the first 
electrode thereof the voltage of the second electrode of the PMOS transistor P81 
becomes "Vtp", where Vtp is a threshold voltage of the PMOS transistor P81. 
As mentioned above, the switch circuit of the fifth embodiment includes the 
operational amplifier 801 which is connected between the input terminal 102 and 

20 the internal circuit 112 and operates in response to the test control signal test and 
the PMOS transistor P81 which is connected between the input terminal 102 and 
the internal circuit 112 and operates in response to the test control signal test, so 
that even if there occurred the undershoot in the input signal in, it is possible to 
prevent the signal from being transmitted to the internal circuit 112. The switch 

25 circuit of the fifth embodiment can prevent the internal circuit 112 from being 
susceptible to a noise generated in the input signal in. 
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Sixth preferred embodiment 

A switch circuit of a sixth embodiment of the invention is described. Fig. 
9 is a circuit diagram showing a configuration of a switch circuit according to the 
sixth embodiment of the invention. The switch circuit of the sixth embodiment 
5 comprises an inverter circuit INV91 for outputting a signal /test having a phase 
opposite to that of a test control signal test in response to the test control signal 
test, an operational amplifier 901 which is controlled in an operative condition in 
response to the signal /test and outputs an output signal out 901 in response to 
an input signal in, an NMOS transistor N91 and a PMOS transistor P12 which 

10 operate in response to the test control signal test, and a PMOS transistor P91 and 
an NMOS transistor N12 which operate in response to the signal /test. An input 
terminal of the inverter circuit INV91 is connected to a test terminal 101 via a test 
control signal line test, and an output terminal thereof is connected to the 
operational amplifier 901, the PMOS transistor P91 and the NMOS transistor 

15 N12 via the signal line /test A noninverting input terminal (+terminal) of the 
operational amplifier 901 is connected to an input terminal 102 via an input signal 
line in, and an inverting input terminal (-terminal) and an output terminal thereof 
are connected in common to each other, and a common connection node thereof is 
connected to an internal circuit 112, and a control terminal DIS thereof is 

20 connected to the output terminal of the inverter circuit INV91 via the signal line 
/test. The configuration of the operational amplifier 901 is the same as that of the 
operational amplifier shown in Fig. 6. The internal circuit 112 is a circuit which is 
susceptible to a noise generated in a signal to be inputted thereto, e.g., an analog 
circuit A gate (control electrode) of the NMOS transistor N91 is connected to the 

25 test terminal 101 via the test signal line test, a first electrode thereof is connected 
to an input terminal 102 via the input signal line in, and a second electrode thereof 
is connected to the PMOS transistor P91. A gate (control electrode) of the PMOS 



transistor P91 is connected to an output terminal of the inverter circuit INV91 via 
the signal line /test, a first electrode thereof is connected to the second electrode of 
the NMOS transistor N91, a second electrode thereof is connected to the internal 
circuit 112 and a substrate thereof is connected to the second electrode thereof A 
5 gate (control electrode) of the PMOS transistor P91 is connected to a test terminal 
via the test control signal test, a first electrode thereof is connected to the input 
terminal 102 via the input signal line in and a second electrode thereof is 
connected to the internal circuit 111. A gate (control electrode) of the NMOS 
transistor N12 is connected to the output terminal of the inverter circuit INV91 via 

10 the signal line /test, a first electrode thereof is connected to the input terminal 102 
via the input signal line in and a second electrode thereof is connected to the 
internal circuit 111. The first electrode of the PMOS transistor P12 and the first 
electrode of the NMOS transistor N12 are connected in common to each other, 
while the second electrode of the PMOS transistor P12 and the second electrode of 

15 the NMOS transistor N12 are connected in common to each other. The internal 
circuit 111 is a circuit which is hardly susceptible to the noise generated in a signal 
to be inputted thereto, e.g., a digital circuit. 

An operation of the switch circuit of the sixth embodiment is described 
next. There are a normal mode operation and a test mode operation in the 

20 operation of the switch circuit. The test control signal test goes "L" during the 
normal mode operation and "ET during the test mode operation. The "L" is a 
level of ground voltage GND and the "H" is a level of the power supply voltage 
VDD. 

The normal mode operation is first described. The PMOS transistor P12 
25 turns ON in response to the test control signal test of "L". The NMOS transistor 
N12 turns ON in response to the signal /test of <f H". In such a manner, the input 
terminal 102 and the internal circuit 111 are forced into conduction. The NMOS 
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transistor N91 turns OFF in response to the test control signal test of "L". The 
PMOS transistor P91 turns OFF in response to the signal /test of "H". The 
operational amplifier 901 is inactive in response to the signal /test of "H", and 

outputs an output signal out 901 of "Hi-Z". In such a manner, the connection 

5 between the input terminal 102 and the internal circuit 112 is interrupted. 

Described next is an operation in the case where there occurs an 
overshoot in the input signal in during the normal mode operation. When there 
occurs the overshoot in the input signal in and the voltage of the input signal in is 
higher than the power supply voltage VDD, the operational amplifier 901 outputs 

10 the output signal out_901 of "Hi-Z" regardless of the voltage of the input signal in. 
At this time, an npn-type parasitic bipolar transistor formed in the NMOS 
transistor N91 turns OFF In such a manner, the connection between the input 
terminal 102 and the internal circuit 112 is interrupted, and the input signal in 
having the voltage higher than the power supply voltage VDD is not transmitted 

15 to the internal circuit 112. 

Described next is an operation in the case where there occurs an 
undershoot in the input signal in. When there occurs the undershoot in the input 
signal in and the voltage of the input signal in is lower than the ground voltage 
GND, the operational amplifier 901 outputs the output signal out 901 of "Hi-Z" 

20 regardless of the voltage of the input signal in. At this time, a pnp-type parasitic 
bipolar transistor formed in the PMOS transistor P91 turns OFF. In such a 
manner, the connection between the input terminal 102 and the internal circuit 
112 is interrupted, and the input signal in having the voltage lower than the 
ground voltage GND is not transmitted to the internal circuit 112. 

25 The test mode operation is described next. The PMOS transistor P12 

turns OFF in response to the test control signal test of "H". The NMOS 
transistor N12 turns OFF in response to the signal /test of "L". In such a manner, 
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the connection between the input terminal 102 and the internal circuit 111 is 
interrupted. The NMOS transistor N91 turns ON in response to the test control 
signal test of "H". The PMOS transistor P91 turns ON in response to the signal 
/test of "L". The operational amplifier 901 is active in response to the signal 

5 /test of "L" and outputs the output signal out 901 having the same level as the 

input signal in. In such a manner the input signal in is transmitted to the 
internal circuit 112. 

Described next is an operation in the case where there occurs the 
overshoot in the input signal in during the test mode operation. Since the power 

10 supply voltage VDD is supplied to the gate of the NMOS transistor N91, and a 
voltage which is higher than the power supply voltage VDD is supplied to the first 
electrode thereof the voltage of the second electrode of the NMOS transistor N911 
becomes "the power supply voltage VDD - Vtn", where Vtn is a threshold voltage 
of the NMOS transistor N91. A signal of "the power supply voltage VDD - Vtn" is 

15 transmitted to the internal circuit 112. 

Described next is an operation in the case where there occurs the 
undershoot in the input signal in. Since the ground voltage GND is supplied to 
the gate of the PMOS transistor P91 and a voltage which is lower than the ground 
voltage GND is supplied to the first electrode thereof the voltage of the second 

20 electrode of the PMOS transistor P91 becomes "Vtp" where Vtp is a threshold 
voltage of the PMOS transistor P91. The signal of Vtp is transmitted to the 
internal circuit 112. 

As mentioned above, the switch circuit of the sixth embodiment includes 
the operational amplifier 901 which is connected between the input terminal 102 

25 and the internal circuit 112 and operates in response to the test control signal test, 
and the NMOS transistor NP91 and the PMOS transistor P91 which are 
connected between the input terminal 102 and the internal circuit 112 and operate 
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in response to the test control signal test respectively, so that even if there occurred 
the overshoot or the undershoot in the input signal in, it is possible to prevent the 
signal from being transmitted to the internal circuit 112. The switch circuit of the 
sixth embodiment can prevent the internal circuit 112 from being susceptible to a 
noise generated in the input signal in. 

As described in detail above, the switch circuit of the invention can prevent the 
noise from being transmitted to the internal circuit even if the noise was generated 
in the input signal, thereby preventing the internal circuit from being susceptible 
to the noise. 

While the preferred form of the present invention has been described, it is 
to be understood that modifications will be apparent to those skilled in the art 
without departing from the spirit of the invention. The scope of the invention is to 
be determined solely by the following claims. 
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